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ABSTRACT

The formation of PCDD/PCDF on fly ash was invesligated in the presence ol SO, Nosignificant effect
was found for standard fly ash. With modified {ly ash a decrease of the PCU{) PCOF production was
observed for GUO - 900 mg/m3 SO, in the absence of water vapor.

INTRODUCTION

The reaction of carbonaceous particulate matter with inorganic halides aL 300 “C was recognized as an
important pathway for the formation of polychlorinated dibenzodioxins and -furans [1,2]. In these
reactions the role of copper (I1) - ions is of fundamental importance as a reagent to induce reactions in
the presence of oxygen on the surface of particulate carbon, which lead on one side o the uxidation of
carbon to COy and un the other side to the chlorination of aromatic structures with the production of a
variety of aromatic halogenated compounds such as chlorobenzenes, -biphenyls and naphthalenes [3).
These redox processes, especially the postulated conversion of chloride/HCl to chlorine by Cu? » . may be
influenced by the presence of sulfur dioxide (4). The influence of SOz in the gas phase on the
PCDH/PCDF formation was studied as a contribution to a better understanding of these processes

EXPERIMENTAL

In the investigations two dilferent samples were used: A) Ny ush rom 2 municipnl waste incineralor,
homogenized and ground; PCDD concentration 320 ng/g, PCDF concentration 395 ng/g; B) fly ash,
annealed at 500 °C for 6 hrs to remove organic matter, then 4 % purified charcoal added(PCDF/PCDD
concentration of mixture (< 0,3 ng/g). The samples (1 g) were heated in a vertical quartz Lube on a frit
in an upward air stream (50 ml/min) at 300 °C for 2 hrs. The composition of the air stream was adjusted
to contain independently different concentrations of sulfur dioxide (0/300/600/900 mg/m3), hydrogen
chloride (0/300 mg/m3) und water vapor (0/100 g/m3). Further experimental and analytical details are
described clsewhere | 2,3 ).
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RESULTS AND DISCUSSION

‘The results of the experiments with genuine Ny ash tA) are presented in table 1. The data in the first
three columns show the effect of SO concentrations of 300 and 600 mg/m3 on the PCDIVPCDF
furmation at J0“C in the presence of water vapor compared with an atmosphere without SO».
Generally the concentrations formed are similar, there is 2 slight increase of the sum of PCDD from
1962 10 2289 ny i, and of PCDF fram 2112 to 3164 nygig in the presence of 300 mgin3 SO2. By a further

Tztie 1: Elfect of S0,/HCI on th: Formation of PCOB/PCOF on Fly Ash
Temperalure 3G0°C, 2 I'rs.

Gasphase  SO; mg/r _ 300 600 300 300
HCE mg/m® - — 300 200
W0 g/m | 100 100 100 100 —
14600 | s | 3a 427 35 |
F56aD L 812 848 700 226
HECOD 7] 152 973 820 785
H7C00 io138 335 320 367 1529
ocno oo 49 70 94 1288
FCOD © 1952 | 2299 | 2638 2296 3891
2CDF Co 1075 1180 935 718
P5COF . 806 1206 1188 1087 1050
#5LOF P49 695 730 780 1626
HICOF .83 150 122 183 1381
0COF | 20 28 45 1361
—————e
PCOF a2 | 3146 | 3248 3030 6136

Tale 2: Effzcl of SO,/HCI on the Formation of PCOD/PCOF on Fly Ash with 4% Aclive
Charcoal, Temperature 300°C, 2 hrs.

Gisphase §O; mg/m'  — | 300 | 600 | 200 (60D (90D | 300} 300

KLt mg/m? — — — | - — — 300 | 300

WO g/mt | 100 w0 | w0 | — | — | — [100] —
Ticel 8| ns| | 5] o8| 0 | 25| 4
FiL0d e8| 1wr| w2 8| 18 o | 29| W
RECOD 2 @] 2| B0 [ 23] 182 188
1003 o2 v wr 32 |19 ) 55 19
0coo of o) o @22 | 4] 3| @
PCD0 206 | 342 | 35 | 2465) 666 ) 303 | 800 | B3I
T4COF 99z me |2 a7 | a3 |28 | 1527 | 769
PSCOF 607 | 621 | 102 | 269 [ 64 | 43 | 978 | 686
H3COF 24; ) 26| 10 |39 ] 74 | 30 | 33| 582
HICoF | %) z|®w N |5 51| 310
of ¢ o ofsw | |3 0| 443
) Lum | 1611 | 340 ju3 | 483 | 195 | 2029 | 2840

sAcrease o 600 mg/m3 SOy Lthe sums of PCH) and PCDF remain practically unchanged, as well as the
pattern of the cungener groups. The additional presence of 300 mg/m3 HCI leads to similar
PCDD/PCDF concentrations, also with the preference of tower chlorinated species, The influence of
water on dechlorination was reported carlier [5). In the absence of waler vapor and in the presence of

176 QOrganohalogen Compounds 3

1990




300 my/md SOCH HTCDINOCHD and HECHE to OCDF are the majer camponents. The resulls from
vhe annealing experiments of system B {earbun-free fly ash, with uddition of 4 %% uctive charcoal) are
given in lable 2. No substantial effect is noted upon additivn of 300 mgimd 802 10 muist stmosphere,
upon a further incrense fv 600 mg/m3 u deerease of PCDIVY PCOF concentrations is noted. In dry
systemns with SOy cancentrations of 600 and 900 mg/m3 marked deerease of PCODPCHUF formation is
noted.
Generally for the PCDIVPCDF synthesis on (ty ash a mechanism is discussed which implies the in-situ.
forruation ol chlorine via a Ileacan reaction with chlorination of arematics. The presence of SO, should
inhibit these reactions as postulated by Griffin {4]. Our data are no direct support of this hypathesis. In
the gystem with genuine Ny ash (A) no decrease is noted, the PCDIVE produetion is not influenced by
S04 cuncentrations of up to 660 mg/m3. Apparently the reaction
2HC! + $02 - Cly + 120

with subsequent ehlorination of organics and the removal of ia-silu formad chivrine by

Cly + 80y + 1120 » SOy + HCH AG=.7.9keal
plays no major rle in the PCDD/PCDF formation process.
Even the addition of gaseous HCI has na significeat effect. Appacenlly the chilonide af the Ny ash is the
more important reaction partner. On the other hand the system 13 with mudified (ty ash responds more
sensitively. Here the SOg concentration (600 mg/m3) show an effect esperially in the absence of water
vapor. Also in moist atmospheres and with 600 mg/m3 of SO, a decrease of PCDDACHF by a factor of
10 and 5 respectively is obtained. In our interpretation the composition of the fly ash is 2 major factor
controlling the PCDD/PCDF production, The difference of the behaviour of system B compared with
genuine fly ash indicates that by the thermal pretreatment of fly ash (5607 C) to remuove urganic carbon
also the inorganic composition was changed. From the absence of any effect of 8O3 addition with
genuine Ny ash we conclude that intermediate formation of gaseous chlorine is not essential for
chlarination reactions. The data support a mechanism mentioned previously {3} invoiving the following
steps: a} interaction of the aromatic macrastructures of particulate carbon with Cu?t aad formation of
organic radicals, b) direct reaction of these radicals with chluride and water w organic hydroxy- and
chloracompounds, ¢} oxidative degradation of these macro siructures and formation uf smaller,
thermodynamically stable molecules, including COg. The effectobserved in our experiments, especiatly
in dry atmoesphere with increasing SOp concentrations, can be explained by & general change of the
redox potential of the Dy ash, possibly by a shift of the Cu2' = Cu '+ equilibrivm. Literature data from
organic chemistry are additionally presentes in favor of this hypothesis.

ACKNOWLEDGEMENT
‘The authors cxpress their thank lor the financial support given by praject "Wausser, Abfall, Boden” of
the state of Baden-Wurtiemberg.

REFERENCES

R3] H. Vogg, L., Stieglitz, Chemosphere 15, 1373-1378 (1986)

12} L. Stieglite, G. Zwick, J. Beck, W. Roth, H. Vagy, Chemosphere 18, 1219-1226 11989)
13} L. Stieglitz, G. Zwick, d. Beck, H. Bautz, W. Roth, Chemosphere 19, 283-290 (1989}

41 R.D. Griffin, Chemosphere 15, 1987-1990 (1986)

{51 H. Vogg, M. Metzger, L. Stieglitz, Waste Management & Resgrch, Vol. 5, 285.295, 1987

Organchatogen Compounds 3 177

1990



178

Organohalogen Compounds 3

1990






